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PREFACE 

T\ the 'course of iiiy researches tliQ. subject 
of aviatyjii I hajie frequently noticed the ab'ence 
of any work dealini^ with the subjec? of ^ind 
pitissure in relation to engineering;, and I an» 
inclined to think that Ihi^ little book meets a 
want that has long been felt by engineeis. 

The fonmibe are as simple Jn each case as 
circaunstances and moderate accuracy will permit, 
and calculus methods are only introduced in 
three places, where it seems almost impossible to 
avoid them. 

I have endeavoured throughout to bring the 
matter as nearly up to date as possible, and 
have included the results recently published by 
Eiffel and Lanchester. By excluding all matters 
not vmmeduitcly concern^ with wind force ojiof 
those which have not attained engineering 
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PREMCE 


importance, the worl< Mat. Ix;eii rechieed very 
sinallWnuMisions. 

I t<‘tke tjiis o])portimity ^of thanking Mr. 
Galbraith for assistance on tlie subject of 
Stresses in Masonrv. 

IIERBI-RJ' f:iIAl^.EY. 
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('lIAl‘'rKU I 

PEACTicAL Importance o» wind 

PRESSURE 

'riiK [)nu‘tiral |)!‘<)l)lt‘ms iii uliu-h wind presMne play!^ 
an inijmrtanl: part are m) tnal a eomplete 

list would he of c\elopa*die dimensions, bid a classifi- 
cation may be made on the follow in J lines : 

1. Load on SInuhar.s, 

Ht’fi'istancc to Mov'mg Bod its. 

Poicrr P rod mi ton. 

The first ^roiip w ill include all cases of wind jnessure 
on roofs, Indies, and buildings. 

'rill* second will comprise air resistance to trains, 
jirojeciiles, ships, and flying-machines. 

The third covers the cases of windmills and sailing- 
\ esse Is. 

A yet Inore geiieral classification can be obtained bv 
grouping the second and thiril types together in one, 
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(lescrioable^ as p^rtainirig. h) the c()ini)ine(l effect oi 
wind i 'ul independent n^otion, so that the two clashes 
become 

1. Prcs.'iurc on Stofiotinij/ liodic.s^. 

12. Pressure on Mori^ig }!()iJ}es. 

H is hc;i 4 *cely nFcessary to ])oint out tha! ver\ randy 
is the^\ind negligible in any structural or mechanical 
design. Thus in the ease of a large railway bridge, 
(lestriiction (implying a large \ahie tor th(‘ slatic 
eijuivaleiit load) may be |>i'oduced by the wind, and 
in h^omolion^ t^e aii^ resistance may be (|uite com- 
])arable with tiaek or gradient resistance. 

In n'gard to ])o 4 ver production, tlie windmill and the 
sailing-vessel both owe Mieir ])r()])iilsive effort lo the 
wind j)ressure on aerodvnamic surfaces, and a 
considerable technical skill is recjuired to design and 
manipulate these a])})liances so as to emplo\ with a 
maximum etliciency lh(‘ kinetic eiUTgv of the wind 
when the latter varies in both magnitude and direc- 
tion. 

Ill no subject is the importance of relative motion 
more maiked than in this. ^The main principle in- 
\ol\^|il is well illustrated le follow ing example. 

It a hiid be living through t'ne air so lhat/ro/// the 
earth he is makinji an averaire velocitv of ^20 mihs ocr 
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r? 

Vmr in a^noi^hmi dim-tioy.afiU thcnviiid •is observed 
to ])e blowing* from tlio^ iiorili to the south ,\«ilh an 
average \eloeity of 10 miles per hour (/.r., as compart’d 
to the earth), ihvw tlie^bird is moving fhi-oiig]» the air 
with an avera^'e \elocii^y (d' i20 -{- lO—tjO miles pt^- 
liouig or we may also say, the air is moving past the 
bird (regarduig the latler as tlxed) ui^h tl#i‘ veloci^' 
of ;d) miles |;4'r hour^ 



if the directions are nol in the sinu' line, the 
diagonal of a paiallelogram, whose >ides are tlu‘ two 
components, gives the relative \elocity (l^'ig 1). 

We may then sav the resultant or ve/oeit// of (tnp bodtj 
relative to the earth is produced hp combining the veloeitif 
of the zvimh also relative to the earthy Tcith the velocifp of 
the hodp relative to the u'ind, or of the leind to the both/. 
Ry the use of this j^'inciple all prt)blems of th(‘ 

second class become reducibl" to those of the tilfcit, so 

• • 

that the general problem of wiml pressure is this. 
Given the relative velocity (including ‘‘direction ’’) of 
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ilic \\1iid to anj ])oclv^ {(j find the f\)ives ^producet^ 
by thef i;cacti()n which oycurs^ as the whit? it deflected 
from the fiodv. 

Hence in all problems concerning the force of the 

I’ind, two things are required 

• * 

(1) The relative velocity before impact ; 

(f^)*'rh(f relative velocity after impact. 



The first is determined by the conditions of the case. 
The second depends on the form and nature of tlie 
surface in regard to its action on tlu' first. Herein 
lies the difliculty in most problems, and usually 
assumptions have to (le made which are not wholly 
warranted. 

When, however, the two ^ire known, the ^'vector 
diflei^nce'’ (he., the (piaif^y which, together with the 
first velocity, pi’odiices the second velocity) indicates 
the change of velocity. This multiplied by the mass 
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of air coi^c'eyied per unit tjiiic'(^enerMly o7 mass 

per second '*) g!ves the hi^ve m‘tin'^. Its direcliji'.»i is tlie 
same as that of the “vector dilference 

A further difficiiltji liere arises as fo the point of 
apjilication of*the fore* (“ g[‘nti(‘ of piessure Tlie^e 
poiilts will be discussed and illustiations of the process 
outlined above will be «i\en in the fo?l<^\\ iii^ ^la^es. 




cuAn m 1 1 

IMPULSIVE FORCE OF "t-JIE •WIN'D. 

It has already been pointed out tliat-^tlie pressure 
exerted by airliavino- a velocity relati\{‘ to aii\boilv is 
dc'peiident on the niaiiii^a- in uhich tliat \i‘locitv is 
altered bv the impact, the foi^-e iK'in^tlie time^’jvte of 
change of the momentum. If tlie velocities were, in 
each case, simi)l\ uniform in magnitude and direction 
there \NOiild l>e no ditlicult^ in computing tiie force 
t^-oduced ; but it genia-ally happens that !)oth the 
incident and reflected streams of air are \ vr\ <-omp]e\ 
in form, and tiie velocities of tln' different parts are 
vei’v varied. 

In chap. iv. the general principles of the ’‘Stream 
Line d’heoi'y" will be gi\en. At present it is siiflicient 
to say that a “ stream line" is the locu^ of a particle 
travelling jmst the object on whicli force is exerted. 
Imagining every one of ih.f particles of air to ha\e its 
path iflapped ofit bv such linc^, it is easy to see that 
a knowledge of tlie general* trend t)f such lines would 
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affiml /I means the moineiithirt before and » 

after ini pact (Fig. ,S). ^ 

Before, ^lowever, (leseril)ing the .stream system for 
miy speeifie eaye, it will be useful to classify the 
Plifferent elements uhieh afteel the question : 

(1 ) 'riie ({ensit\ of the air. 

(J^) jriie^bTm of the obstacle. 

(b) 'Itie actual magnittide ^ of ilu‘f v(‘locity of 
^ * approacb. 

'(4) 'l’lu‘ smoothness of the surface of the oU4;icle. 
(o) 'rhe rigidity of tl/c obstacle. 



Fro. 


(1) The (len.sih c»f the air (about 0’()8 lb. per cubic 
foot) varies so little that tluie is no nece.ssily to i-efer 
})a] ticiilarly to this at. [rre.seni. 

{U) The foi'in of the obstacle is probably tlie most 
impor tant eh'ment of all. If a section Ire taken of the 
obstaclj^' in the plane of a the manner in which 

th(‘ stream is (li\erted by it is all-important iii deter- 
niiniiig the reaction. 
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(?3) actual oFf a|>j)ii{)a('li * iiuich 

(Icpciuls. " At Very sifiall^velo^‘iti(#> the rcsistaiut \arjes 
as the veloeily ; at most small velociiie.^ (*ii|) to sav 
100 miles per hour) the re^istauce as the square 

of the velocity, and a^ veiT hioh v(‘l()cities the resi-|- 
aiK'C varies up to the lifth or sixth }K>Mers rc'achin^- a 

maximum variation ^\lu‘n the speed* oF s(vmil in air 

* • '* 

(1100 Feet [ht second, or 750 miles per hour) is reached. 

then decreases in variation a^ain, anci^ tinaHv onlv 
\aries,us the s([uare of the velocity. * 

(4) The smoothness oF 4he surFace affects the lesist- 
ance in a ^reat decree. A veiy i'jrCji^ular or 
surFace produces a Frictional jesistance ahich ^'arics 
with the irre^ularitN and the area of the surface. 

(5) IF tlie obstacle be no? firmly placed, or iF th(‘ 
I’cliitive \('Iocitv oF the air change i‘aj)idl\. impulsive 
Forces oFgre.at magiiitude may be produced. 

We may broadly say that tla* Force depends, in an\ 
instance, on fmir Factors. 

[a) Head Nedsiamr due to primary diversion oF the 
incident streams. 

(A) Negative Pir.ssiur due to the Formation of a 
partial vacuum at the nsjr oF the ohstachx 

(c) Kddi/ making' fotci. \u?vcs ot eddies or ^'^^rticcs 

• ^ 

Foi m t)ehind the obstacle. 

(f/) SVtu Friefion, reFerred to in (4) above. (Fig. 4.) 
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I’hf liU'intiiri' tiiid (vxf.ei'ijnontjil woik'^oti this stihjec-t‘ 
is eiioirijoijs, hut |)ai«ticu|ar inoiilioii iii'a\ hJ? made of 
the names of Hutton, Dueliemin, l)ine>, Langley, ^laxiin 
^aiid Eiffel. WOrk on high velocities has been done by 
J^ashford and l\Iaye\.ski. On tl;e matlieifiatieal side the 

names of Lord liavleigh. Professor Oreenhill, Professor 

« 

Bj- van andi»]\Ir.^Mal lock will show' that the’subject has 
by no means been neglected. 
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The general character of the results obtained is as 
follows : 

{a) Jli'itd Rcsisfiuur is found to vary with (fo!' in- 
st/uic(‘) some power of the velocitv, so that we may 
write 

U. - kV'^ 

As already mentioned the value of n \aries tVom 1 
to 5. Lor the usually occui’ring \elocities n may be 
takeiias 

{h) Stici'ion or ncgatm^ pri'mirc is found genei'allv lo 
bear a ratio of about O'Ci to LO to the head resistance. 
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I'liis includes, Iiowevor, itcyii (r) , wAvc- 

niakiiii*' force, which, Vs Mi*. ]\Iallvck liasshf)wn,<le})cii(i.s 
chieHv on tfie difference hctwec'ii flic i(‘!atf\e velocity 
and the velocity of propagation ofsoinnl. 

(^Z) fS 'ici'ton ct ordinary speeds is found to 

follow roughly the law (for unit area) 

H, = kV.-^ 

All the* items varvMirectly as sonu' power of the area 
not gTeatl\ dPHering from unit\, so that aigenei'al 
formula ma} be writ ten 

AJl = A (II, + R. -f RA - A [!•(>* k V" + k-V^’ 

It lias been a general custom to abbi’eviate this into 
a simple iormula. 

R - IC AV- 

•It is obvious that in some cases this ruK* will be very 
inaccurate, bur it is nevertheless true in the ni.*jority 
of practical cases. Rallisiics should !)“ mentioned as 
a sjiecia! excc-ption. 

The constant K will have a different value for each 
ty])e of obstacle. 

The following tvpes of obstacle may be spcrially 
mentioned. 

(<i) S(juare tlj^in plate perjiendicular to flA‘ mean 
diu ction of the reyitive wind. 

(/:f) Oblong ditto. 
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(■f) CircuVjir u, 

(^) Ii^;etful<ir ditto. ^ 

(t) All t*nc above («, /9, y, inclined at any an^le 0 
to the mean direction oHlie ielati\e wind. 

Any coinl)inalion of plate.*^ such as^tbove. 

(/;) Feiforaied plate. 

(/) l{ecta;lguI<Jl^^olid, axially placed. 

(k) (ylindrical „ ,, 

(A) Snlierc* „ 

{fi) fdlip.soid 

(r) Cylindrical .solid witluany diameter in direction 
* of w 'mkK ^ * 

(o) Irregular .solid in any position. 

(tt) Solid of leasts rcsislai ice. 

(p) Sliip and Ichthyoid* torn is. 

• (rr) Hollow obstacles (c..;'’., open shi‘ds). 

(r) Tubes, 

It is an easy matter to arri\e at the maximum value 
for K on a Hal-faced olrstacle, if we assume the truth of 
the law KAA “ where* .\ is the area piojected on to a 
plane pei pendicular to the direction of apj)roach, by 
as.siiniin^ that all the momentum i-» lost by the air. 
'Jlie (|Uantity of air that approaches per sece)nd is A\’, 
and it.'^jnomentnm is 

.AV“ = s»v().()oa:5A\ - 

I50 O 
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• 

Actmilly the Joss of rill ih iic’vci so I'leat as 

tills, so tJiat wc may at once say tliat K is j.ss tJiaii 
0*0023. On ihe assiiiiiption of t lie force as t lie space 
rate of change of kinetic energy we get* Iv jiisi half this 
value and in all practical cases this is increased Sv 
negative pressure, so that 

K = (1 4- h X 

V \ fl 

where ■?? is greater than unily. Many expertVieiiters 
make u about 3, so that 

K becomes - *001 (> 

It should be understood that this \ahie especial] v 
ajijilies to case («) in tlu! above list.'' 

In cases fi, y, e, /.c., plane areas other than square in 
f<fi‘m, normal to the direction of How h ’\e slightly 
different values for K. It is found that K increases 
sliglitly with the area if the shape leniains tlie same: 
and also that K increases with the periiiieler, the area 
remaining the same. The ciicle has, therefore, the 
least value foi' K, being about 1 per emil less than tin; 
value for the sipiare area. Hectangles having a side to 
side ratio of 1 to 2 shov^ an iiiciease in K of about 
] per cejit., and yuth a side to side ratio ot 1 tu 4, an 
increase of 2 per cent, abovtu. the s(|uare.‘ An increase 
of area in the ratio of 8:1 shows an increase of K in 
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tin* ia*iio of'^iboiiFlO : 1 ,*m> iliat tlie law wojild perhaps 
be bett(^i\ expressed in vlie t^briu 
K A'' \ 2 

f\liei*e 7n is about 1*1, and K lias [Ik* (constant value 

i 

*001 (j. ‘Seeing, bow e^(‘r, that this does not take into 
aeeouiit the variation of perimeter when aVea is eon- 
stant, and' also tliat tlie index of the vt'loeity is not 



absolutely constant, [lie simpler form is pt'rhaps pA^- 
ferable. In any ease tlie variation is not very great 
and an equal error may easily be made in estimating 
As regards an irregular area it sliould be iemend)ered 
1 hat the resistance increases w ith the jK*rimeter. Exact 1 y 
to what extent is not known, but Mr. Eanehester s re- 
seaivh on periplieral tlow sliould be consulted bv those 
who wish to o])tain a detailed t.nowledge of the infor- 
mation* possessed on this point. 

Case £ has probably received more attention than 
* See paper in Engineer^ April 17, 1908. 
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'any otlier, and a (•()inpl0^^a(ii-(^ffnf tin* wor!. dT)ne 
would fill^nmn^ voluiftoh (Fii^.^o)., 

'I'lic .simple rule' ad()[)k‘d from Lord Ravleiftli cpiile 
hatisfadory for most practical ca.scs and is as*follow’s: 

where 0 is *1110 angU‘ bctwe(,‘n the phite aiul the wind, 
1\ is the norimd pre.ssure and is tla^pre.ssifi-e on ftie 
plate when .stjuare as ahoxc* discussed. maxiiiumi 
pressure is I'eaclTed at about bO inclination an(\there- 
af'ler from bO to IKV j tlu \ariation is small and 
uncei'tain. 

M. Fillel o-ises a very simple rule 

1*H = iV i ) b)r \ allies of 0 f?om 0 to b(F 

ai^d r,, = from bO to 90 . ll is cl•r^aim however, 
that till' perimeh'r is of consider.ible impmtmice, A 
narrow jilane with its lon^* edi;e touai'ds the wind 
experiences a greater thi ust than witli its narrow edge 
in that liirectioiu the dillei-ence amounting to some J20 
aliove and below the ^ allies given above, which refers 
to a sijuare plate. 

The next case, combi^eil plates, is of great imjiorl- 
ance in bridge work, and thi results are at tirs^ sight 
very [laradoxical. b'he simplest combination <‘oncei\al)le 
is that of two jilates, both normal to the wind, separated 
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by a '‘ertaiu distjince. H’JiJns distance is coiisiderable 
(say mvre than live tvnes^tlie lensi width of the plates) 
the resistance of the two is about twice that of a single 
plate. If, on tlie other hand, the distance apart bears 
only a small ratio to th(* least wulth of The plates, then 
the joifit resistance is c»)nsi(lerably less than that of the 
two plates considered as independent units. Thus if 
the ratio is unity (c.g‘., for circular plate* a diameter 
apart) the total resistance is al)out one-half the resist- 
ance (,f a single plate. If the 7‘atio is one-half (<■ «’., two 
circular plates a radius apart) the resistance is about 
th> _:piarters tliaf of a^single plati*.* As the distance 
increases the joint resistance increases, so that at a dis- 
tance ratio of the joint resistance is about Eb the 
single })late resistance, and at a ratio of 4-, 1*8 times 
{Baker). 

Experiments disagree on the I'csistance wheii the 
plates are close, Thibault and Eiffel making it smaller 
than the single plate, Sir Benjamin Baker making it in 
no case smaller. EilJers recent icsults were obtaiiu'd 
by a very elaborate and cai-eful })rocess, so that they 
are probably correct, the diminution being explicable 
on the grounds of a neutralisation of the pressure on 
the leeyard {)late by the n..gative pressure on the wind- 
ward plate (Eig. b). 


Jiiflel. 
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• f • 

If the*|)l{ites are both iiieJyii^l^fT) tl]^‘ wind, the differ- 
ence is less notfeeable.* ’'riiiisj w'o»j)late.^ ineiined at an 
angle 6 less fhan tW', and having tlie distanet* ratio 
more than iiniiv, liave a joint resistaiRv about twice 
that of a singie plate^ interference only leeiii-riiig 
.unaller angles. 



We mav generally conclude that in >triictures, where 
the distance of any two plates, howexerairaiiged, is more 
than /rc/Yr the least dimension of the windwaid plate, 
they may he considered independent! \ - The case i; 
of a perforated [date has not J■('cei^ed veiy nmcli atten- 
tion. As has been pointed out l)y Professor ( laxton 
Eidler,* it is (piite erroneous to take tlie net area t)t 
the grating as the effective resistance considering it 
as a flat plate. In passing yirougli the [lerfonijions, 
the streartis contraVt so that there is almost the same 


♦ '/Wafi'it' tifi Hrulffe ('onutrvdion. 



18 


.'FiiK vonvv: (^k' thk wind 

tUroiinl^ Hit- would hiki' phur lliroiiiih 

the .spjr/e were tlu ])!ite pkeiit, ■ 'riiis l)eiiifi; no. tlieic 
must be a'liinli \eloeitv llirougli the oi itiees and <rie,‘il 
tiietioii and (‘dihin^\ Mi'. (Taiajard'" torimda; 

1‘ ~ j) (S — ('•(j-V) ^ 

where P is the I'esi.stanee, y/ the oi'dinar-x pressure per 
sipiare on .. noi'iiial plaleuS fla- o\i‘i-all are.'i of lhc‘ 
j)late. and a file ai^i^i-eiiafe .irea of ‘Ik opeiiiiii>'s * 

Passl.io lo the eon.siderat ion o^'^olids ((•a^e^ i kj 

^>) we notice fn-sl t he sonu'W hal uiie\peeie<l result lh;it 

t 

lla I'esistaiu-e of a ''olie^ i" lieneialj\ le^s tiian tliat of a 
plate ha\ini‘fhe same tiemlal a'-peet. 

d'liis 1 - aee'ounled fen l)\ tlu deeiease ni the“ nei;a(i\e 
pressure and edeUiiiii. 'I’he stH*am tubes dieei’le'd i)\ 
this ineadeaie-e- e>n to flie face re-turn to the sides ot (Ik 
solid, lun alonu, tlu-m and fmalh mc-e-t ai*ain in the 
leai alte-i a e-e)mparati\(*l\ small inter\al Jf we e-an 
liuiele the stream hne-s so thai tlie-v e e»nt nuieiusK hui^ 
till sides of the solieh we ha\e a te)rm e)f ‘Me-ast resist- 
ance (see- lu-xt e'ha[)te‘i ). 

As an example- of the ejuantitat i\e- re-sulfs the- fbllow- 
iiiL’ eemiparison- will lx useful. 

^(plare plate ne)rmal to st»aram 1 '(). 

(^i))i (same line-ai elimensiems ) (hS(l. 

* KilU'l ;r“t- :iii incieust in r‘j*in nl toi' two Inttit'c 

vtork.s one- ch ptli a]);u't. 



ijfj'UI-SIVK F()R(*V OF THF \\>M) H) 

Rcctaiigurar- prism (loiifttji •.t^'diaBioters^ 0-7;>r 

.. i (liametiMs 

•{Du Bi/ul.) 

Tlic (‘ttrct ()f*I(‘iiirlh fn (l^ninisiniio- Ww (>(!(]> injr is' 
lu're gerv apjKimil. After dianict^s ih(‘ frictional 
i-csi.staiice on the surface makes a small l*licreasfc- in tlif 
,r< '.si stance. 

A similar set of results from M. l atfcr.s re'cent (•v])eri- 

lIK'Hls W fil 1 k‘ lls(‘ful. 

Disc noi'inal to ^tivaifi (H)^! 

(Minder 1 radius loni;’ ()'()71 

1 diameter lono- j) ()()t) 

1 J • .. 0 051 

li^ie case t of a evlinder trans\erse to tl-e wijid is 
of eonsiderahle importance' in eliimncN aiiel simi'ar 
prohle'ins. Francis AVe)enK m Ids Pnht'ual 

Suuifanj D)isi'}iurnNo\ ^»:i^e‘s the fe)llowino' ratios: 

Sejuare se)iiel, lrans^erse te> \einel 1 '() 
IIexai;e)nal . . . . ’70 

Oe-tai^emal .... ih) 

Fiicular ..... AO 

Ji\ !ivelre)elvnamie'al ilieen x * the resistane'e* to a e*\ linek'r 
* S(>o L:iniV> Utj<h-o(lifiu(mtrs. p. 87. 



0() ' 'J’HE FORCJ'; m’ THl'; WIND, 

« . ’ • ! I I 

is zoiV), but'tliis the abseiii'o of friction and 

under <)ic critical vcAf)cit.y at,w]ilcli discontinuity takes 
place (s(‘e iK'xt clia])ter). Similarly wilb any profile 
with continuoilV curyatinv. ^ 

t ( ases o, TT, p can only be, studied* in the li^bt of 
tlie stream line tlieor\, which is tlu' subject of 
iv. . , ‘ 

"I’he (“iise of an open shed is of o’leat practical 
im])ort. structure oj)en towards the wind and co;n- 
pletely closed on the windward side is subject U) a yery 
considerable thrust. If tla' area normal to the wind be 
ATT.ien the n^is/ance is upwards of 

X ()•()() 1() A \ 

because th(‘ forward momentum of tin* wind has to bo 
entirely convei'tcd to a backward one in older that>the 
air shall escajx*. If the trend of the air is an upward 
one in lea\inL»' the building, tin- laltei’ tends to be lifted 
bodily, the magnitude of the lifting force being deter- 
minable by taking the yector change of yelocity, scpiaring 
it and multipl\ing by O OOIG times the area in scpiare 
f(‘et of th(“ opening to wind. 

In tlie case of tin* laitranc^' to a tube, the resistance 
depeftds on the change (A' velocity at the mouth. It is 
shown by writers on lutlraulics that this is ])ropor- 
tional to (V-T')“ "here V is the ^e]ocity before 



■niPULsivE F(au;i'; op the wjnd *<>1 

•fiitrance'iuiil'i’ the velocitj ei^tiunce, ami. Hint 
the loss of energy per*lh. , 

*== (i-i,.': 

\\horc‘ r is IhJ ratio iiio oilier aiva to itie tult‘ 
se(‘t3i)iial aij^ea, and \ the \eloeitv ot a[)})roaeh. This 



niav he eonMM’ted In' the iisiia] rule eoiiiu'etinu; j)^’e>si)i e 
eiierj;-)' and kinetie enert^v, lc.. 



■00 hi A \ “ 


(notice that eddvinij; is l*jre nenleeted and nnu ht* the 

cause of a jireater resistance jf 

• 

ic here stands for tlie weight (lbs. pei- Mcond) dis- 
charged, and p is pressure (Ihs. per stpiare foot), A the 
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THK VOlU'K OF TUK WIND 

,1- 

ai 'aof tlic wiiidu'au) part of ilie i)IaiJ*in wliifli the 

\ M ' 

()j)eiiii)<^ is. 

Hence we have resistance due to oriliev 

•00D>A\“ 

fi-’V 

r 

This does iK't, of coinse, include the resist (incc (if the 
phitc itself (I’i<». 7.) 

It uilh c.r coinve, he unrlersiood that at eacli in- 

ir 

dividual point of an\ o])slacl(‘ the diicctii'n of the 
pressure is pi*aclically noriti jl to tlie sin lace. 



( IjAlTKU 111 

VARIATIoJiS IN VELOCITY 


A\ im}H)rt;int, l)iit coiiiparalivc'l v litllf ^‘oiisidi'i^d. 
ijiieslioii Itu? \ari;'Ji()ii (>F\(d()rit\ in ilu* wind. 

• I’Ik* vflocitv i;han_i»(*s uiHi Hu‘ follow in 

(1) t*i acr (/.(., on llu' carlh: lalil .idc* and lon^iludn) 
(J2) Ili‘i<;id (alxot* sea 
(d) 'rc'in jici-atnu*. 

( 1') liaronicti'ic* in'eNsui-c. 

(o) d'iinc |a.'riodic cl^-niii’i''. • *• i^nd" ”). 

(()) Pliy-'ind lojioo-iapliN . 

I Is i‘liani;‘c's nia\. ol rii.ii’sr. Ih' in t iid(‘ oj’ 

diivclion, ^uch I'lian liniiyi;' ol ior.i;’ or ^liort poi’iod. 

A rapid (‘han^t' is i;i'iH‘iall\ known a> a “i>iisL A 
change of loiiLC ju-riod i^- Inrnn'd *' a clianm' of wind.” 
Tlio actual slruclnrc ot the wind i> M“r\ complex, 1ml 
there is a i;’en('ral trend to or iVoni certain ci'idres of 
niininiiini oi' maximum pi-C'^sure-, iVict lonal andd\naniic 
resistance diU' to obstacles e'^usiii*;- local I'lldy motion. 

OwinV to the decrease in the \ iscous resistance, 
(Icnsity and pressure at, heii^its. the Aclocity increases 
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with t'levalioii. Tiu* vX?4ft l.'nv ih not known, hut 
i>'('nei*a!!v it inav bo as^lnn^Jcl that tlio ratio of the 
veloeities is a))oiit e(|ual to the fourlli root of the ratio 
of the liei^lith eoneerned. 'riiere are general] v winds 
( ‘ l•(•i»•nlar niao'iii tilde and dire^’tion at a considerable 
heiirht, blit th(‘sr will not affect en_e;in(‘erinH jiractice. 
As rci;ard“ pla-el'it is well known that tlie inaxiimm. 
velocities attained liy llu wind fire vast)\ in 

the troDics tofin in temjierate latitudes, idtliouj^h oc(v^- 
sioiiiibv in the latter a \elocit\ of 10(< mill's |r'r hoin 
is observt'd. 

first fiiul ’uost inijiortfinl consideiation is the 
\finalion in l]ei<»ht. To tind tlu centre ol jiressurc on 
an exposed surface whi^se lower ed^e is 11^^ aboM tlu 
scfi l(‘\el. at ^^hicll fi niaxiniinn veloeitv \'„ nia\ tie 
asMimed. we proceed as follows: 

If I ( 1 ) 



H I i M) that 



Fig. 8. 
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i1l< =]>>!). {U, ^ ,//, A 


^dp. fi) _ /-II 

'^{(Ip) J h *(lp 

II, /'II 

h¥ 



(:i(ll^' - 11^,) 

, 3 , 


II„ = (), then h — ^ II (^Ia) 

and in any other ease 

/; > II, heeoinino- = II when II, - II 


Uiile .\ will be found useful in desigiiiii»- ehiinneys 
or walls exposed to pressure. 

The total j)ressure is of et^irse 


o 
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K V/A 

v'llo 
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;riIE FORCE QF 'rili: AVIM) 

v*X(i(,i lelalioii. lK‘tu^‘1'11 tauifH'ratLiiv and baro- 
meti-ic,,|)ivsMnv aiv.vnry inicciUuii. Of course, bi 
accordance with the law of convection, air llous 
upwards fioin jdacc" ot liioh teinj)eratnri' and descends 
^'llen cooled; also, i| will fioni places of hioh 

baronielic pressure to those of low, th(‘ oeiu'ral How 
beino' apjroxiu^aeyly normal to the isobars or line ol 
(‘(pial pri‘sMire. 

Some oeiuTal notion ol the How of ail under .a 
diller nee of iemperature oi pressure ma\ be ()J>tained 
from the following rules wlii-h dept'iid on [lie couseiwa- 
1*i"— 't enerii,v ;• 



\\li(‘re dillei’ence ol barometiic prc'ssiire at two 

jdaces, -OOl ‘2 = lialt-mass per cubic foot at mean 

l(aiiperalure, \' - \elocit\, bet jter sc'coi.d : 



a' 


Jk/ 


\- 


•001 12 (o) 


whei’e, = 0 17!il - speeJ^Hc lu'at (at constant \olume) 
<d air (units ol heat to raise 1 lb. 1 decree' I'alireiiheit b 
J zi. conv(Tsion constant (heat units tf) work units) 



VAHlATrONJ^IN \KI,Ori'r\ • o~ 

= TTiS,*< = fli’fci'ence of t^'inuj.‘r»;uiv at l^o |ilmr.«. mi 

tluit 

t (()) 

With ronard to th'^ othrt of _<>ii^ts,*])r(risc iiithinm, 
tion as to the (hiratioif aiu^ rann'i' of i;u>ts is \\:nitii?h, 

but® many valuable data will be found in Professor 

• • 

J.an^'le\\ hiicrtutl Work of ihc IF/fd (Siyithsoi^aii 
Inslilutiou,'*Wasliii'^'fon). 

• It is ])oiutefJ out by Fidlei (Hrhl^r i'on^irifcfton) 
that if a wind blow ini; with a stead\ j)ressni-e p is 
suddi'iily au^’nient(*d to the pressuie p + -^p* Ihe stress 
will be proportional t.o p + il,^p. • 

This, however, is only true if' flu* pi-cssiiri' is in- 
staiitaiieously apj)lie(h so hv suo-^esl'> Ihe ibliowiiii; 
forniubi : 

V ~ max. p 4- »] (max. p ~ / 

where' P is the etteetive pressure, y; the mean pre'ssure, 
and )/ a eoettieient less than unity. 

Translbrminji; this into tei*ms of' v(‘loeit\ we ha\e: 

K\,“ = + e, K (7) 

wliere k is the usual ^oellieieut, \\ is the ellee\i\i 
velocity, \ the maximiint \elocitN. and \ \\%' mea 
velocity* 

To render this rule ed practical use it i", ol course 
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THE EOnCE OF TIIK WIND 


nc‘(^t*,s.‘ ary lc>^ know tlic mid mean velut lly of 

and "issume a valin for r/. e 
According io tlic F'ortli l^ridgc ancnioinclcr readings 
the average sfcmiy wind pressure was about 80 per 
cf'Ut., tlie maximum of small .Mnemomclei’ pla*^c read- 
ings. Taking the latio of pressuies as the scpian' root 
of the raiit of ihe \elocitics. the lattei amounts to 00 
per cent., so that 


\“ 


, OX 






( ] « ,, j 


If r/ - h then \ “ = ] J . \ “ 

i 8 


(H) 


'rhis is an extremeh high result and must not he iai- -'U 
to imjily a real prcssun V great as the mean steady 
pressure, hut as the Mtafic prc.H.nan corresponding to the 
dynamic effect of a suddc'uly acting gust. 

According to the Ih’dston Ohservatory records, only 
about once in eight year'- is a jnessure of close on 
40 lbs. j)er s(juare tool attained. 

The recent woi k at the .National IMiysical Laboratory 
is noti’'worlhy in i-egard t^? the tpiestion of irregularity 
in the structure of the wind. 

Numerous expeViinents carried out there have failed 



VARIATIONS IN VIlLOCUrV 


:>J) 

to show'* any * ci y diUhre^c# iii'tlie n4 an 
per scjiiare fool on a%sinall striieture mid on siinilar 
but inueh larger one, so that the data gi\en*a!)o\e will 
apply without dangerous inaeeuraey io struelures of* 
any size/ 

In considering ({lU'slions^of wind pressure, tlie local 

conforinatfon of land and existing sfti^tiirii- should, oi 

course, alwjii^ys be noticed, 'rinis, a long slieet wilh its 

lenu'tli in the direcfion of llie pr(‘\ailing»winds w ill he 
• . . ' . f . 

subject to a steady current of high \elocit\, lh<< (fleet 

on a structure at the end c^' such a sticet being probably 

greater than if the structure w'eie wholly (‘\pos(‘(^ 4i>r, 

again, a structure may lie so sheltered that little or no 

wind need be allowed for. 

* S«M* by llr Stanton in lie /*/'.»<. T./.’., Iroin vol. chi, 




( IIAP'jV.K IV 

STEEAM LINE THE&*!rY 


Al^ xriox Uii^ s('viTal fiiucs been made of si ftMin “ line.s 
and ‘‘ tjihes. and it is now necessais to <;iM‘ *nioie 
attention to t Ins suhj(>ct. 4\s})eeiail\ is this suji lo Ik* 
the easi when it is realised that lh<^ ivsislanet' n. iiTl 
case's is not a sinijik (|nestion of loss of inonK'iilinn or 
kinetK eneiov , 

A slrc'jin. liiU' is an iniai 4 iii?ir\ line which maps out 
the path of a particle ol moMn^' Huid. Stri(l|\ sjieak- 
inu’. Hie term shoulei lx- lestricte-el to I he case wiiue I In' 
path is, ovvini> te» the' coiislancv e>l the e-eineiitioiis, 
invarialik' in elire'e'tion, the word line of flow " heinij; 
nse'et w he'll a k'ss I'lirid system is e-onsielereel. If we- 
imagine* that a mass ot air of e'euiside'rahie' de*j)fh anef 
breaeltti is fra\elling in a give-n direction, the lines of 
lle)W' will be [laralk-l line’s|hawn in lliat eiireelioii wlie*n 
the \e'le)citv of eae'h partie-le^s eepiat ami in lli% voih' 
diree-tiem* as that of e\eiv othe-r particle. It is ron 
venient, althougli imt wholi\ tine, to leiiard an 



!5^ THE FOIU’E 01' THE WIND 

111 resisted wind as of this character. 'l1io stream lin(‘s 
are infinite in number, but, fo * convenience, may be 
drawn any suitable distance apart. If we imaiyine a 
number of such lines enclosing a cylindrical space, then, 
since the particles in that space liave lines which do not 
pass out of the cylinder, the s\stem is termed a “ tube*’’ 
or filament."’ Under steady conditions it is, of course, 
impossible for two stream lines to intersect, as this 
would imply that successive })articles could cross each 
other's paths without colliding. 

IF now the assmnjition is made that we have a 
pttd'^'ct fluid, the (juantity flowing along a stream tube 
will not lose any energy. It is customary to call 
the energy per lb. the head.'* I’liis head may be of 
three kinds : 

(1) Potential. 

(2) Pressure. 

(f3) Kinetic. 

Ily potential head we mean the distance in feet which 
the fiiiid can }et descend under gravity. By pressure 
head we mean the height in feet corresponding to tlie 
pressuie exerted by the fluid. 

Sinc^ pressure in a fluid ‘s proportional to the density 
and the depth, so tliat we may write pressure (tbs. per 
so. foot) = weight (lbs. per cubic foot) x depth (feet) 
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•IIr' tle])l*lih ill feet (“ |)R^hsViv ii<;S(r')^a)rR':*|)on(li-4^'*t() 

I he jiressiire ; 

_ |)iessur(‘, ll)s. per .s(|. huii 
n'ei‘»;lit, JIxs. per eii^hie fo()t. 

]}y kinetic* head we iiK*an tlu* heii;hl ill Teel eorrespond- 
iiio- (*) I he vt'loeity possc'.ssed hv lh(‘ 

Since* any ^ body ialliii^* frc'clv ()v graviiv l^vIs a 
Nclneil V 

\ X drop 111 het, the* hcii^ht = ^ 

'rh(‘ total energy Ihere/ore jier jxaiifd is constant and 
eepial lo 

A + I- 

ic 

wh.re /i is tlie potential head or drop in feet, 

i.s Uk* droj) in feet c'orrespondin^ to tlu* [iresMire, 

' is the drop in feet correspond ini;* to the velocity. 

If, nocs, llie tube is ^Iways filled with fluid llu* 
(piantity discharged per seconil will always be* thc^saiiie, 
so that this cpiaiitity }>asses each point in the tube* pc'r 
second. If we imdtiply the cross-sertion of the tube by 
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the .o]()cit\ the result* i; 
point the 

I velocit y (feet per sec.) = 


Ihb quantity, so tliat at any 

(juantity (c. ft. per secti ni) 
area of section (square ft.) 



n(!. 0. 


Hence we may decluce the following conclusions : 

(1) If a stream tul)e descends towards the earth, the 
pressure or velocity, or both must increase, since h is 
decreasing. 

(2) If the tube enlarges the \elocity decreases and 
the pressure increases. 

(3) If the tube contracts the velocity increases and 
the pressure decreases. 

Having thus considered the fluid in the tube, we must 
next consider the ehect of bending the tube into any 
form. 


S'rUIlAM IJ^K THJ'.OllV IJ5 

If the is (l{)u])]c(l TkicR a*# to Torn', a I'," 

then the total^reaetioh t'.> pri'ssur** iii«the (liro(^ion of 
tlje bend (/.e., })arallel to iJie anus and .from tiie 
direetioii of aiTi\al of Jlie fluid) 

_ X wia^ht per s(r. X 7’ 

;jO.O 



for, siue(‘ force is the time rale of chani;‘e of momentum 
and tlie momentum per second 

«l.ich is I*"''- 

<50-0 

is turned completely from a foruard diriTtion to a 
backward direction, the total change of monuiilum 
o 

})er second is ^ 

If the tube is In'iit to an ani;!e less than this last 
(180^) the chang-e of im^nentum must be found bv a 
triangle cf velocities as showiPin chap. i. 

If the tube is bent in any^manner, so that the om* 
end is eventually parallel to and in the same direction 



.Ofi 


/I’HE I’OUCK OF 'I’llK WIND 


as tJie oti.or, tlie tVitil tu-cc on the lube is zero 
(I’ifT. H). 



Pressure Pre sore 

Fr;. n 

'I'liih l<i,st case is ihe niosl. i»ii{)()rlaiit of all in findiiii; 
1‘uniis of least resistance* for, if a*' stream tube can be 
made cbntitruous \\ ilb an obstacle, and also tbe direc- 
tion of departure be tbe .same as that of arrived, the 
K^'ssureon Ibc obstacle is nil (Fi;j;. 1J2). 



Fio 12. 


Hence in tbe absence of friction ^\e mav sav that if 
tbe stream tubes adjacent to tbe obstacle are diverted 
from their rectilinear paths the forci' actino- upon the 
obstacle is found by considering (1) ^vhether the stream 
lines return to the original (Erection immediately after 
passing the ol^stacle ; am'f (f2) ^^hethel■ the stream lines 
coincide with the profile, of the obstacle througliout its 
length. 



STni',A^f LINT, 'I'lM'-OHY , 37 

It \vi?l Ik‘ iindorstood l^'d. distaya' pasl •llu* 

()])sia(‘lc‘ tilt* sf ream ^lilies necessarily return Jo tlieii- 
oi'i^inal direiMion, the Iosn of' momentum pfiNsihly t'\- 
perieneed at the obstacle beini; UKuh* U})* from tlitl 

surround iim aij’. If, however, the stream line lea\(‘s thc*^ 

• • • 

sin-lace of the (ihstacle liclfire having retui'ned to Hn 
oii^Miial dipeefion, the prt'ssures du(*1i) t he# flexure of 



the sli'tyvin tube will not be balanced on the nJhstnrh\ so 
tjjat a '■‘dynamic” resistance is experiencinl (Fii;-. lb). 
Wlu'ii the stream liiu* leaves the olistaele before ha\ni<,» 
passed it, it is said to descrilie a “ line of discontinuity.*" 
The spac(‘ bc'twc'cn the obstacle and this line is filled in 
an aclual fluid (at a jircssure less than noiinal) w ith 
vortices, which contract as they are swept away from 
the obstacle, finalb \anishin»- at a cerlain point in the 
real’ of the obstacle wlga’e the lines of discon tinuit\ 
from each edi^e of the obsta#le meci, A certafi force* 
is, of course, reijuired to generate these \orlicc‘s. 

In an actual fluid there is also a certain r(‘sistance 
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(lii(‘ to viscosity or “st.in fVictioiC lu'twct^ji the. obsbiclc 

and tlu' .dream tiil)c ])assino- over it and contiguous 

with it/ Small eddies, aciing as it \\(‘re a*' rollers for 

(lie body (/f tbi‘ fluid, form a layc'r over the siu’face and 

so ])i()duce a certain resistance. Including small, but 

una\oidablc “(l\nan)ic’’ i ‘sistanccs, ('\en a form in 

^^bicb tile sti‘eai“ lines arc apparentlv . contiguous 
(* 

I libaiglaKil (‘\j)ei-icnc(‘s a cou'-iderable ivsistance, about 

. K A\ - wjierc K is ‘OOU) and A’ tlu' central section. 

Ill Hie light of tliis lb(‘ory it is p()s^iblt‘ to arrange 
surfad's so as to get a minimum resistance. Various 
f^ms ma\ be tiTiiied “of least rc'sislance," the con- 
ditions being that the ])r()lile shall so divert the stream 
lines that they do not lea\e tlie .same, and that they 
shall be guided by the i-ifter jiarts, so that the lin(‘s 
meet immediateU behind th(‘ object without any dis- 
continuous How . 

'riiese conditions are approximately realised by all 
smooth and easily rounded objects, but Hie nearest 
apjii’oaeh to the minimum resistance is oblaiiu'd by the 
use of a w'ed^(‘ directed towards the stream, expanded 
with an easy cissoid or sine cuitc to the largi'st section, 
and contracting again willi a curve having no reflex 
cuiwature to a fine taper at the rear. 'I'he body ’/ines'’' 
of shijis are excelhait examjiles of this t /])e (.sy’c 
Fig. V2). 
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For Afrtlici* ftifoi'inaiioii ^-oiRvi^virii^ stream lines jlie 
following mJlv ])e eonsiilted : 

Kankine, \S/t iphu i/ding. 

Froude, Fa])(‘rs in 'rransnct'ion.s vf \(tval^ 

Ari'hs.^ tji-r. 

Hele-Shaw, JVpers in t'ran.sarffons nf lust. Naval 
Archs. and Hinttsh Assonatiou. 

Greenhill, “ llul romeelninics ** in Kun/rloj). Britt. 
Lamb. II ndrodaif amirs. r 

(k3 '' , 

Basset, Ifjjdrod//u(tmics aud Souud. 
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STRESS IN STRUCTURES DUE* TO 
WIND 

Af^ ready been indieated, tli(‘ elleel ol' wiiidM^ lo 
produce an additional ]oad*luivinir a lateral coinponeni, 
the total force at (‘acli point lieii#^ normal to the 
ex])osed surface. On slo})in^- surface's, such as root^, 
the })ressure \\ill be lari^el) vertical ayd will have a 
maximum intensity on slopes oreater than bO de^rc'es, 
c!f)scly ap})roaching the intensity on a xca tical serfac-e, 
say 50 lbs, per scpiare foot. In view of the ])ro\imit\ 
of other structui’cs, which will to some c'xtent scic'cn th(' 
roof from wind and diminish llie velocity of the wind, 
it is not usual to take ^•ri'alei’ prc'ssures than 40 lbs. 
pc'i- s(|uare foot. On vca lical surface's and open bridi^e- 
vvork the higher value should be used. 

We may for convenienT'c classilv structures subiect to 
wind piyssiire into two grou{f' : 

(1) With wind surface. 

(2) With frame only. 
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'I’lie firsi cljiss Vvill .iiK‘lu(E roofs, wjilis, aiul-tlie like. 
Th(‘ sc‘(‘o;i(l it'frrs'to open brido-e-work and ."raniiiio-. It 
is ciistciiifarv in' tlic first class to assinac that such 
surface Inurs iiniforudv on all its su])ports, aiul that the 
wind pi'c'ssure is nnitbrin and o';cr the entire suiface. 
U'hat this condition is no» actually realis(‘d is (jiiite 
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certain, but the practical departure fiom the same does 
not seem to bi' important. 

In this manner we obtain a number of forces aclino- 
on the supports of the surface, which mav be considered 
as loads normally acting. The stresses so produced 
may be analys(‘d sepai-ately, or a combined diagram 
produced by adding (with a paralleloi^ram of foiccs) 
the wipd and the static load at the same placi'. 

Thus, if the illustration indicates a sloping suiface, 
AB, which is JiO feet lond and supported in the direc* 



SlS^ESS'IN STRlVmiKS DUE TO WINlVEl 
►tioii pcTjA'iidicWar to the pj^per^a^evciv E^HL^aii aif^of 

{iR) square Teet iimls support oi^ each trussf If ilu* 



actual wc'ioht per scpiare foot l)e t5() Ihs. and tljr vsind 
be taken at 40 lbs. ])er scpiare foot we ha\<‘ 

-SOx j XL>4() = 1S0() lbs. dead load at J and //. 
OOx i xkH() = %*0() lbs. „ 

40 X { X ^^40 = 2400 Iks. wind load al A and B, 
40x J. xJ^40 = 4800 lbs. „ „ 

• 

The actual load at T will 1^* tound by drawii^ I In* 
diagonal* of a parallelogram whose adjjKent sido 
measure Ob'OO lbs. and kSOO I os. res])eciively, the fiist 
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aii'l tho latliV incli icd from llu‘ vcri’iad at the 
same aiiirlo tlio slo])e makes will) the liorizontal. 

(’oll^i(^eril)<^ tliis ivsultan! al each joint on the wind- 
waid side and Mie ordinary dead loads al all otheis we 
^nid tlu' rea(‘li()ns 1)\ the nsiial method; , so a'»eertainino- 
ih(* eomhinc'd stress in the vaiious meinheis. 

If, as i. nsuell> the ease, both sides ol flie building 
arc' liable to he siihjeekd lo wind prc-ssni’C', the eom- 
hined sties- .'s, foimd as al)o\e, must he considered in 
desijriiing hoth sides of thc' franu*. 

It is not imusnal to trc'^d the wind-stresses l)y the 
».eeond na thod, viz.. ;is independent forces. The follow- 
ing examples of a roof will illustrate tlu' piocess : 

, 'J'he condilions ol e(piilihriuni are, of course, 

^{p)^ S(K), P -- + ll, 

where I* = total load and 11,, are the reactions 


K.C = 


Pa 

o 


-b 


Ph 

4 


where 0 is the span, a and h are the distances of ^ and ^ 

from the left support all ]H'rpendic.ular lo the forces. 

If llu' roof has a roller on one side Iht' rc'actions will 
not, of coniM', he parallel to the' wind, and must be 
found hv link jiolygon in the usual maniu'r. 

Another e\amj)le of wind surface occurs in the steel 
cage nu'thod of constructing buildings. If the frame 
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monicnt Ph aix] a \ IkViriiig force P, ho tliat each 
• ' Ph 

vertical is subject to an a'Aial or pull == — and a 

sheariii;^ force — ^ 

^ <) 
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If we regal’d tlie total pressure up to any point h as 
= p (see forniuhe 1 and 2 in cliap. iii.) \nl* have the 
shearing force from the ground 
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and tlic beiijing inoiiieid at an^^ ^oinl,//, 

MJ 

ph . (Ik 

V/. 


• \\hc*re II is the total 


M = 


Since p = fth\ we lia^e 
> 11 ^ * 
/T.%//, = |/4iii; - /,,ij 


'h 

In all these expres.sions j'i = as i>‘i\(‘n 

chap. iii. 

The tensile force in the windward (^>liinin, or lliecoin- 
[)ressi\e force in the leeward c(flinnn, may he found hv 
(‘(giating the heiiding inoineni (^) to tin* (juanlitv dV, 
where T is the re(|uii'ed force and d the di ancc 
between the cohinins. 

Thus in the case illustrated at a point 4^ ahove I Ik 
ground, the breadth of a single bay being b. tlic Icnsiou 
or compression in the columns is 


oiib\W-bp\ 

* 5d (‘ 3 ) 

In the l^orizontal beams theii wall be a com))ression 
ecjual to the shearing force, %nd if, as is uMially the 
case, diagonal wind-braces are used inclined al an angle 
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0, (lirci't tension ' or. (-(finpressioji in tliesc will he 
S see 6 aiul 

- = HI* - 

(os(y ; , (■i) 

Details of (onstruetion will he foinid in I'Veita^'s 
jl'rltiUriiiml li }g]nvcritig (Wiley, New' York). 

In the ease of a slrnctnre, siieh a: a wall or 
ehiinnev, in'whieli for eonstriuiional reasons the ele; a- 
tion ta})ers, the eenire of jnessure is not in r'alit\ so 
hit'll as i^iven in eha]). iii.,' hnt it will luwerilu'less he 
eonvenieiil t<» disi; 'i»ard this eorreetion, so that tlie total 
turnini^ nionient may h(‘ taken as 

<• 

- to'ial ])nssure x II = 
n = X i* II = *!. Hhiv 

i) o tio (o) 

[Note that II, . is, exeeptdn evaluatinj^ /^, disn'garded 
in most eases.] 

E({uatini? this to the moment of resistanee we hav(‘ 

h , fl 

M) tliut llu' bending stresses (/. lbs. ])ev s(|nare foot) 

' fl 

“5 l (ti) 
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•\\licTC;/y = (li^taiR'C troiu nelitny j»;is ot t()>lii‘ 

extreme (wiiulward or leeward) ed<^? ot‘ the base ^eelion 
and I is tlie moment of inertia of the seefion jjbout fiie 
same axis. All measurements ar? in ]))s. and Teeb 


d'liese bendii^^’ slreAvs wdll be eombinetl wltli Ih^ 
dead-load eomjnvssion on flie base seel ion, so llia l 
the maximum conijmession, when ^ lolajf weiehi. 


A 


area 


of l^as(‘ seel ion, 

« 


W ()/SAll If 
\v ^ 25 1 




. . 

and the imnimiim eo.mpression 


W __ ()^/;llV/ 
A 25 1 


no 


It is a eommoii condition in ma.sonn/ s[i leUnx's that 
llm’e shall be no tension, /.c., 

W (}ftbn\if 

A 25 1 ' {'S) 

^Vriting 

W ^6 Hb Il^y/ 

A 25 1 

we gel conditions which flimit the weight or area as 
follow : 

w _ () t b/TdAIlb/ (()) 

25 1 “ 25 


D 
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f I 

w Ivi^’e k is ■'Jie radius gyration of the section about 
the afc’X'-mentioned'axis of bend’ ng, and 
^5IW 

Thus in the case of a lio; low circular section, internal 
radius r, oxternal radius U, 

A = n- ( — 7 *) 

I - TT (R^ - 7’*; ~ 4 

// = \i 


^ u^^f’ihwn 

•+ r-) 


/lAlFt W<> 
50 W V 5' 


Uft/>lV _ 

10 \V~ ‘ 


(!).') 


(10a) 


4 his tonnula is in error in the following respects: 

(1) I) is assumed uniform uj) the height, whereas it 
actually tapers. Taking h as the mean breadth will 
appt\)ximatel} coirect this. (See next coi-rection.) 

(^2) The roundness of the face is neglected. Taking 

instead of /> will correct this. 

A further difficulty occurs in coniu'ctiou with the fac t 
that h will generally be relate^' to R, the external base 
radius.’ It will therefore be nec(‘ssary to work out this 
problem by a series of tryl cases conveiging to the* best 
practical solution. 



STRIPS L^\STRrCTi;«JvS TO WlM) :>l 

PasMiig lum to tlio consKfeiAHoK* o{‘ o|H‘«-fiaiiu>(l 
structures, of \\liicli *tli(‘ m^st .pVui icil 

cvuiiple is hiido-e-uoik, it will !)(« foimd IIikI a* tew 

* ■ 

simple rules serve* to exylaiii ti»e melh(Kl ofdealiim '\illi 
such structui'es. 

Or* each member of the frame tiny will b^, diiriiin' 
luirricaiies, a pressure depeudiui»' in llu- foru* of iftc 
mem})er and fin* manner in which the same is pjcsciiUd 
to<itlie wind, 11)4' value of which i^iav br <“oifiputed 
from ije data p^iwu in ch;q). ii. 'riiis pivssure 
will produce stresses in tTie inembeis direciU aiu^ 
indirectly, he., the individual memlK^ wdl be subjeel 
to bendijig moment, and tlu* wlnde frame will be 
affected by the reactions at ea^h eiffi of# the uu-mlxr. 
'I’he latter will need to be considered as a furlliei- load 
usually horizontally a])plied, particular alti'ution beiiin 
paid to the luruiui*- effect product*d in Ihe found u ions 
of the bridge. As regards the indixidual members i( 
will be necessary to ajiply the usual methods ot 'Italin^ 
with laterally loaded struts and ties.* 

[Note. — Railway bridges must be cousidc'ied a,s 
covered by cai’iiages in calculating wind surface*. j 

In the case of a strut fixed it both ends it is ^liowu 
in the text-l'iOok referred to tlu^t the niaximmn bending 


* See Perry’s Applied Mechamrii, {>. 170. 
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inolnent pi'odiiccrl b\[- tJ unilbniily dif^tribiitcd hit end 
load Tt^'oer foot '‘iiii,''aiid an end i»hi ust E, is 


= ] W/ 


E I TT - / 1 : 1 7r “ 


4/- “ ' 


42 


( 11 ) 


where W is the total lateral load (le/ lbs.), / tlu‘ length 
of the strit (feel). K the modulus of elaslieity (lb;., per 
s(juare foot) and 1 the moment of inertia about the 
neutral axispf bendiiu^’. 

The' further relation 


i' - "r: 


' - 2 ! = 


w/ 

4/-/ 



is important as fixing- /*, the maximum compression 


stress. Here 


P 

f-i--- 


V 

area ot section 
EItt'^ 

47- A 


F 

A 


Z ~ modulus of section - 

jf = distance from neutral axis of bending to edge 
of section. 

In the case of a tie we take 



I maximum or| 
( minimum j 
a 


tensile stress. 


where F is, as before, the axial force (tension in this 



IN STRKC^'rrRKS DI K TO WlNl)r>li 

A is Ilu‘ strtioniil jireV, 

M is the beiulini inonieih di#(' t(^ the latf^r^l ioire 

icF _ W/ 

“ H ' ” S* 

/ is iiHululus of sV('tio.J, ahovo."^ 

M1ie*stres-(^ in a sluat of niaieiial snhjec'# lo wind 
pressure nia\ Ix' eoinpnted t)y the usual rules for ))laT<'s 
and shells under imiforudv di>trihu1ed loa^liun;. d'lu’'>(‘ 
are lo(^ eoniplex to i;i'e here, I)ut*may1)e timud in 
Perrv's* Mn I hui'k s ^ixwd uiosl euii;iu('eriue ii(d(‘- 

hooks. One eas(' o1)l\ luav l)(‘ eons dered. 

't he stress in a splii'rieal >eu;iueut sul)|<*el lo internal 
wind pressure may he eoniputed as lollows. 



ah hetlu' section of the se^nuait which is ilxcd at 
tlie ed”e. The total pressure transverse lo the diameter 
ah 

= Trrr- 

r 

if there is a eiveiimfert^itial tension f\ ttTe total 
* Sta' also iiapi r in 7V/f. Mmj.. Maivli ISS'i. 
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iiias^nitiuk' tlii.s is 7 rfJ//^\vh(:re t is tlie thickness. The 
trans\^v,>c coiiipoiieni; of this is TTz/Z/sin^, so that 

p ^ = TT dt fWw 0 

J’d = 

/ = _ 

itMnf) 



CHAPTEU VI 


WINDMILLS 

Tills ilist subject iii which wiiul force has-lo he 

considered in reljitio'i l<^ the production of pouer. 
Windmills or wind-motors <‘ue of veii\ numerous Ivpe^, 

f ■ 

but may be di\ided broadly into two cla^ses. 

(1 ) Larjre diameter wliciOsvulh a-Jew j^geiierally lour) 
wooden or cloth bla-les. 

0 (1^) Small diameter \s heels witli numerous si eel blad(‘s. 

The manner of construct in^^ wooden mi'iv well 
descrdied in Weisbaclfs J/« (7m///Vv of / inn- 

(volume on Ilyilraulics ") and I only propo-‘ to con- 
sider the principles according- to which power is 
obtained from the wind. 

It is customary to confuse wind wheels with pro- 
pellers. Althou^di in softie respects the one is the con 
verse of fhe olluT, vet 'vrv iiii|)()i hi.ijl* 

compel iis to treat them diff*e|jently. 
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(d) ThciJT' is lu) niofcjoji of* the wheel in the direetioii 
of thct'vind. 

Ow'ini;' to ti continuous and j)revi()usly undis- 
turbed ''iipply (d air nieetini; the wheels (except above 
a certain liigh critical speed) tlieVe is no (picstion of the 
blades diininishin»' cacti otner s action. 

It will ’t)c col,'^dl'lient to make two assumptions as t(j 
the How \)f the air. 
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(I) lleforo impact the wind is blowing axially to the 
wheel, d'his condition is almost exactly secured by the 
steering wheel or vane. 

(^) After impact the air Hows along the surface of 
the blades and lea\cs it relatively in the same plane. 

Neither of these assumptions can be absolutely true, 
but we are almost obliged to make them and th ' actual 
discrejiancy does not seinn to, be very great. 

If tbe blade be plane a^id, at the instant of striking, 
stationary, the pressure in it is easily found by the 
rules given* in chap. iii. 
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Normal pressure = 

N = jOOK) A r - ^ ''' 

The (‘ompoiu iit of this pressure in ihe (Incrlion n‘i 

the axis is N st<i aii^ this fall ])r(K]ne(‘s pressuir iii^a 

s{e[) bearin<»\ energy IxMiig Nfasted.hy friction llicre. 

'Hie eon^)oncnt in tlu' plane of ntta^ion \i N cos e’, 

and this produces rotation if, when tluiv an' hlaJes, 

m x\ cos B exceeds fhe resistance of the Jdade due to 
# , ^ 
frietioi^ and load. It is necessary l‘T express this in tlK> 

form o1 tore pie to be iisefu^. 

If the blades, ifs is iisually the ease, taper towarjs 

♦ 

the centre, the breadth at any..point can be expressed 
as \) w’liere A is a constant, and the area of an\ 
('lemental strip of the blade fs \r . (h*so that we can 
\jrile 

d'urning monu'ut on one bla<h' = 

r, 

•0010 A \ “ cos 0 J" i ~ . (h 

where and r., ai’c the ratlii of the internal and ( x- 
ternal bounding lines of the blades; hence tor the 
whole wheel the tonpie ^ 
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'r>8 


Wus h>\:.i\ vos\hVA\^i<; '\on]uo !s\, VVio. 

wheel will eoimndiiKv to ivvolve >o that * 






where /i=aiigiilar aceehaatioii (^.adiaiisjjer see. per see.) 



and I = monieiil of inertia of whole wheel about axis 
of revolution. 

As the wheel rolates the angular aet^eleration will 
decrease on aeeount of air resistanee and slip until the 
veloeity is eonslant, its aetual \ahie dt pending on the 
veloeity of the wind (assuming the resistance of wlicel 
and mill constant.) ^ 

To *>tudy the wheel iiyder working conditions it is 
therefore necessary to consider the reaction ^Vhen I lie 
blade is nuiving. 



WINDMILLS 

• ♦ * 




If /I i.s the vc“l(K‘ity of tin* iti Iho plnnc of lotn- 

tioii, the* jutual dirtrt^ion in whiclf the wind i*s^#ii()\ 
relatively to the blade is found by drawing a 
uitli n ainl V for its sides, the din‘ft)nal i^i'in^ tlu' 
relative velo.it’,». 

The an«le of ini])aet is 

* - ^ n ^ 

0 — where = tan ' \ * 

so^that the norinal ])ressiire 

Nj A ^ "here \„ -- //“+ * 

and its eomponent in the direetioii o#rotati()?i is 
•OOU) A \ (0 - eosO 


N, eos 0 = 


and the work done |)er see. is 


.bit 


(b) 


'OOlb A \ “ - J.)' eos/) , 

N j eos 0 . 0 . = - - ' D 

The volume of air approaehin^ the hlade is 
Asin(«--X). Vo 


and its kinetic ener^x 

= • 00112 r“ . \ . A sin (« - 

9 , 

so that the eflieieney is, approximately. 
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Jf we wrjte =* let(6^ — in 

^ G' 

= Si’i (fi- ■»//), this siiii])liti‘es lo 

i2 r5 (‘Os 0 // 


r{i(i.’*ui iiieaMiro 

0>) 


This (‘xpressioii is at the trsi only an ;i])i)rox.iiiuiie one 
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for an aelual mill, since a“-f ^^]Kre u is a 

(jiiaiitilv (lejM'nding on tlie ladius of tlu' nliec l. 

Before slaiiiin; the simjiU'r nIle^ used, we will consider 
the case of a Nsheel ivitli curved blades, such as are now 
extensively made in steel. If the diagram shows such a 
l)lade<>noving laterally \\ith a velocity n and subject to 
a Nvind moving axially, the relative motion of the 
* hi 

wind is inclined at an angle tan to the axis. If 
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0 _ ^,ji, -ij,I ) there will liivlnik'iuV at eiiln. 

\ It ■ 

and ilie air ^^ill flow easily aloiii^ the blad(‘ wdtli a 
velocity = 

If it leaves ' 'itli velocity in a direction »/>, 

parallel to tbe blade, its absf)lnle *nolion (as compared 
to the earth) will be eompovmded this relative 
motion and. the absolute motion of tin* uheel //, as 
s]]own by the upper f)arallelo<;Tam of vi'hu ities.^ 

The ^alteration of velocity in passing round the 
curved 'l)lade is easily fouinj by drawing a thiid paral- 
lelogram of veh'ocitibs (the central one in the ligure), .n 
which the two sides of the parallelogram are each e(jiial 
r%and the diagonal is th(*^change of vc'locity. 
It is ohvio is that this is greatest when ^ is a maximum 

^ tan h and r/> = o, /a’., the blade is tangential to 

{■li 

the plane of rotation at the rear. T\w direction of 

changeof velocity is o 

of rotation, and its magnitude 

sin {0 — (p) -f 

^ 10 - (h) 

If the weight of air concerned is W the k)tal change 
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‘ ^V . 

of nionifiitiiiii = » - ^a\ This is tin* total jtressiire, and 

V . t 

r('s()Kni^ *)t into c-oinponents normal and parallel to tlie 
< plane of rotatioti we fifid that the foree produeing rota- 



'riie only dittienlty*in living a value to this expression 
is in linding re. If the ehoi\^ of the blade is / feet long 
j«id b is the hei^dd of the blade’ ine*!ined ^ to the 
tangent at entrance, then hi cos i// is the aspect of Ihe 
blade in the direction of the tangent at entrance and 

W = -OS X -f r'2.Wcosi// 


and the force producing rotation is then 

h/ {tr -h 7’“) cos . sin — 0)sin 1^- ^ 


(0 ~ cf, 


and the work done is Eu. 


0 ) 

i^) 


"Idle kinetic energy of the air is - - . so that the 
% %• 


etliciencij’ may be written as 


Wre- 


( 9 ) 



^^aNDMIL^,s^ 

Aci’ordiiiff to Molesworlh ^iJ\^rhrf Uooki 2r)th Kdn , . 

p ‘ 1< IS ’ 

|). 55!^), for woodt ii mills the horsf‘-jK>\\tT 

H - ooooaoom A\" 

where A is the totjil area ol ail ilie sail^ 

\ Ihe \i\ocity (/f "ind. feel |u‘i secoinl. 

I'riu' vel()cil\ ol the vairf-tipsM.s also oivon hv this 
authority a« \ .J 

'I'he ^’eneral principle of this rule is easil\ understood. 
The iota) pressure normal to all the blades willj)e pro- 
portioiiJ^d to A\% and the component of this in l!u‘ 
plane oV the wheel is also jy-oportional to A\'l If the- 
speed (of rotaltion/ of the centre oj pressure on anv 
blade be [\ then tin' work done varies as Ar\ “; and 
since T will bear sonu; ratio to ^^.the work ma\ be 
legarded as pioportional to A\ 

This authority j^'ives as the suitable an^le for the sail 
with the plane of motion 

A = - IS (L’r (10) 

wht're 1) is the distance from Ihe centre 
J{ is the o\er»ll radius. 

In the case of wooden mills thi'n* inust also be takt ii 
into consideration the inequation of the axis of rotation 
(8'^ to 15" from the hori/oi^tal). 'Fliis will sv*ai'c('ly 
aflect the intensity of the wind pressure, but will 
increase the frictional ]os.ses at the main beailiif^. 
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'Fhe ii])pMcati()ii or <140 abo\e rulus coiimiiiiig tlie 

r . ‘ t. 

efficieiH V aiul forces 'in each blade necessarily become^ 
ratlit}}' complex in desii^nino-. 

'I'lius in deaMn^ with plane blades and considerint* 
the whole blade we hav(‘ b) renuAnber tVat A^o 4- 
aie all functions of the rad^is. 

f)A - ftr.dr 

where fj is Ihe ani^le ot the sector boundfiig the blade* 
(in divc*/ging blades) and r the radius, , 

\o = H~ 7’“ i I 

° ^ , , I (,> = angular 

•> 4 ~ tan^^ ' ' velocity. 


Putting these values in (b) we have as the torepie 


y* "OOl () . p y'K Jr^ or + 7’“. — boi | J • 


ik)' 


where r., and 7 ^ are the external and internal I'adii. 

Substituting radian values for the angles and taking 
constants outside. 


V r-i rnsi fi 
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If the function under the iiitefrn>\ sijijn is ])h)ltcd 
function of and the area between and r.j inte^ 
witli a planiineter, and ilie result multiplied b\ 
constant factor outside, the ri'sul jis the torque on 
blade. 

M X torque X w = wbrk dime per second. 
[i\l = number of bladjs. 


as a 
rated 

cadi , 
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TEAIN AND MOTOE EESISTANCB 


Tx yoTiiiec-tion with velucles, wmd pres'^ureis iinj^irtant 
in two n^^pects : 

(1) As a force- re tar(lin|»i motion, the vsind bcin^ 
generally inainly^due to the vehicle^ motion. 

(ii) As an overturning force. 

A vehicle running at a speed of ndles per hour 
against a wind with a component velocity in the line of 
th^ vehicle's motion i\ is subject to a resistance whicli 
varies as (w -f- i’)“* + i') here corresponds to V in 

our previous problems, being the relative velocity of 
the wind to the vehicle. If the wind )>lows in the same 
direction as th(‘ vehicle is moving V = (// — v). 

The resistance will depend on the \arious items 
given in chap. ii. (ienerally, railway locomoti\es and 
motor-cars have a roughly f,quare front, but the length 
is so great that suction is small. On the other liand, 
there are generally a numberfof surfaces other than 
the front one more or less exposed to tlic wind, so that 
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unless special cave is» taken in formation /)f the front 
of the* vehicle 

H = A V2 (Harding\s formula) 

where 11 is the resistance in Ihs. 

A the frontage arcfvin square feet, 

V ^+he velocity in mdes per hmr. 

' [Xot(\ — 'i'his is the only ca^e in which it is desirahle 
to measure \’ in miles ])er Imur : ^ 

f*0 mit(\s per liour - 88 feet pei: second.] 

It, is very probable that the actual resistance, .at high 
s})eeils is more than this, bht in view of the somewhat 
uncertain value 'T the road resistant', very acaairate 
figures have not yet been found. 

A locomotive ';*ith {he cab leading will necessarily 
liave greater resistance than one with the firebox lead- 
ing, since the stream lines will di\ erge and piobally 
clear tlie cab altogether in the latter case. 

Similarly, a motor-car with a ^\ind-gual■d of the 
usual .sheet form will have a much greater resistance 
than without. 

The pas.sage of the air under the 4 chicle over irre- 
gular projections (axles, springs, brake mechanism, ^vc.) 
Avill greatly increase the resistance, and turbulence will 
occur in this legion with coiisccpient creation of dust. 
If a sheet (preferably < netal) of smooth surface and 
outline be fixed under the vehicle this turbulence and 
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resistance (<^xcept in the iininftjf^ite jieighlToiirhood of* 
the wheels) will be gre|atlv deyreased. 

Similarly, by forming tlu* front of the ea^ orfoco- 
motive with a prow of stream line form, the resistane(f 
may be enormously decreased. A vehiel(‘ with optOi 
top ^ir windows will be more resisting than one com- 
plelely enefosed, and gaps between a t.%in of earriagfi s 
will increase ^he resistance in proportion to the size of 
tl>i‘ gap. lleiu;e corridor trains aiv geneiall^ of less 
resistaiA'e than those with separate carriages. 

As regards the resistaiice of wheels, whether con- 
nected or not to vehicles, an approymate idea of tliT 
energy consumed may be computed as follows : ’ 

Dific ir//rr/.v. 

"riicse may be considered as having three sources of 
resistance, (1) rim and (2 and JJ) tlie sides. 

If the overall diameter be D the surface of the 
rim is tt DB where B is the breadth. If the revolutions 
[)er second are then 7rl)a is the surface velocity and 
the resistance is 

r, = y.7rl)B.(7rl)//j2 

= y V" B 

y here is the coellicient »)f skin friction ie?istance 
( = about *()()()005 lb. per s(jii|rc foot at unit velocity). 

As regards the sides, the area of any* conceniiic 
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element is the radius and^the velocitv 

. t _ " * 

IS ^TrnV. so that the resistance foe both sides is 

t\, ^ y . 10* TT^ ;r / 7*^. d?' 

O , 0 

_ '/.IOtt^H^R'* _ yn^}r«iy 
4 ■ ■ 4 

where R is tlie external radius ( - ^^J and the total, re- 
sistance is then 

+ 1 ^) ( 1 ) 

' 

Spoh'd Whirls. 

The resistaiice of thf. type is much greater. The 
rim may be calculated as for a disc wheel and the 
boss may be neglected. * 

If there are N spokes, R thick (he., transverse to the 
plane of the wheel), then the exposed area of any 
element at radius r is N R.r/?- and the speed as before 
so that the resistance of the element is 

R 

K . 4 N U »='■ J,-. dr 

o 

_4Ki’‘.\ Rh2 !{» 

0 


( 2 ) 
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K is Ik'iv 001 (i, as in j)revioi*s»nistaiK'c.s »i direcr re- 
si, stance. The fact of the spoke? heini*- ronfu^^'d niav 
be disregarded as there is Aery considerable tfnl>i*Wnc(‘. 

AVith respect to the second coifsidi‘ra?i on, ovei tiirninji^ 
(‘(feet, it is ob\fous tlffit, ])V^the principle of nioineni^s. 
when the vehicle is aboid t(f tiirnM)\er 

1 ’// -- - . 1 ) 

o 

wVere 1' is tlie l^otal nind prrvsiire. 

J* is tlie height of the centr(‘ of pressure, 

W is the weiglit of 'ilie vehicle, 

1) is \hl ^aiioe of the tracl^ (/.r., diaineier fif 
wheel bas(‘). 

Writing P = KA^“ where A is^ the\^‘X])()sed area of the 
side of the vehicle. K and \ “ are as before, and calling 
k — \ (II — //y) "here is the height from the track to 
the underside of ihe vehicle, and H is fhe height tothr‘ 
top of the vehicle 

K.W^idl - /-„) - ^ J) 


so that the limiting value of \ " 

WI) 

K#\(II - /;,) 


(:i) 


On curves this must be co^ibined with the cei^rifugal 
force, with "hich it might ^under some circumslance.s 
c,o-o])erate. 
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EFFECT OF WIND ON ’^ATER 

effect of wind* on rivers and o[)eii seas maybe 

... * • • • ‘ 

elassifitii into two types. 

(1) Wave- making. 

(!^) Aeceleratioii*of f he whole mass. 

The subject of \\a\e jnopagation is not \t»rv fnll\ 
understood, but an excellent of the existing 

information on the subject is given in Sir W. White's 
^^cd’t-Jiook of Xaiud Arvhikcturc (pp. 216*, vt sijq ). 

The princi[)al researches on this subject ha\e been 
carried out by French experimenters* and obseiaers, 
especially Admiral (‘oupvent Desbois, Lieutenant Paris, 
and M. Antoine. 

[Compicff-rcmhin^ lS(j6, Revue Murithncy vol. xxxi., 
and Defi Lames de haute mei\ 1879.] 

It is certain that the •ontinuous action of the wind 
in one direction will generat^|a wave in that d^ection, 
but the form of the ocean ^ed and internal friction 
greatly modify the formation of the wa\*es. Waves 
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onvii toniieil tfiul U)‘ Uj increased by the wind on 
fiecoiiirt, ol tile Jlateral surface exposed, d'heie is a 
limiting’ velocity for the waves, beyond wliich the wind 
produces no effect other than in maintaining- the per- 
Uiibation. If tlu- uind ^ilies away, vlii‘ period and 
lengtli of the \\a\es rc'mains practically constant, but the 
aiv})lilude decrct.ses, being finalU damped out by friction. 

There is therefore great dilliculty in e ti mating the 
relation betwi‘en wind and wave. 

'Fhe tol lowing hypotheses have been suggested. 

(1) (hii)e of amplitude of^ waves and scjuare of speed 
ol wind.- ((Vn/ynvp/f Dc.sbols.) ' 

{'■!) Speed ol wind — (spei'd of wavi‘)“ (hVet- 
seconds unit) • {Li/: itvinml Paris.) 

(b) The lollowujig formula* are given b\ Sir W. 
White, based on M. AntoineV work and Admii‘jd 
Desbois' law : 

i>II - ()75r 

J>L - 

‘i r -- 4-4 r' 

\ - ()-9r’ 

Here length of wave (nu'lres). 

Iff — period ol wave (se('t)nds). 

‘Dl --double amplitt de (metres). 

\ --=\c'locity of wi^ es (metres per sec.). 

; - „ wind ( ,. ,, ). 
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Beyond lijis there is praetifa^y ly) iiifo'nimtion and < 
persons interested (^nnot ilo beth#J‘ tlian sttuly the 
tables given in Sir W. White's book. 

Passing to tlie cfyisideration of the efieet ot tlu‘ 
wind on the velocity of fl(5v of jnasses of wat(‘r, it is 
firs'* necessary to point out tliat tiie^velocify of flow 
in a mass of fluid is a^a maximum at poin4s roughl\ 
midway bet’jeen th^* sides of the channel, and a liftk 
b?lo\v the surface. The most exact 4nforifiati(ffi on this 
subjetst* is that collected by various h}drographers for 
the IJ.S.A. Govcri;ment in connection with the Missis- 
sippi and other rivers. 

If a cui ve be plotted showing the velocit\ as a func- 
tion of the de[)th, the form w ‘41 b(‘V)iu»l tolu* a})|)roxi- 
mately parabolic. 

^ In the absence of the wind the \ertex of tln*^ paia- 
bola is about of 1 he depth from the surface. A dow n- 
stream wdnd causes the vertex to rise, and an upstream 
wind causes it to sink. ^J'he \ertex ne\er rises (|uite to 
the surhice. According to the Mississij)pi experiments, 
if the force of the wind be graduated from calm to 
hurricane as 0 to 10 amW/’ is the d('pth of the axis of 
the parabola, m the hydraulic mean depth (!^‘ctional 
area -r* wetted perimeter) 

^'1 ^ 0 • 317 ± 0 0(i /■ 

Tfl 
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(See Unwin “ Hyt^'ofncclianics” Encydop. Britt. \ 
Edn. ix.] Thus- in the case of* a wind graduated 
at of a liuri'icane (jiressure about 20 lbs. per s([uare 
foot) d()wustreani inereased the inaxiinuin veloeily from 
702 units to 8*1 and raised flic vd^itex lo of 
the depth from the surface. The same wind upstream 
de^Veased the nkximum veloeity from 7‘02 to 7'8S and 
lowered the vertex to half the d('plh. 

It is possible to formulate an ecpiation to this jijva- 
bola (as has been done by i\I. Boileau), but in iview' of 
the uneerlain nature of the cireumstanees in any 
concrete example no useful j)urpose would be served. 
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SCOURING EFFECT 0/ WIJfD 

t 

Till-: effect of the difst-ladeii wind in rulibin^ away stone 
and ojher hard substances is well known, and may be 
compared to the metliod o|‘ excavating*’ willi high velocity 
jets. The ertisioil of land has been shown by geologi^^ts 
to be partly due to this, aiul a ])raclical ajipl^ation of 
the principle has been applied in ^the process of sand- 
blasting glass. 

^ The air always contains many minute particles, these 
being, however, generally very light and soft ; when, 
however, it is in rapid motion Inavier particles are 
])icked up and carried along. 'I'he exait dynamical 
character of this process is not completely understood, 
but it would appear that a single particle resists the 
jiassing air with a force depending on its form and the 
velocity of the wind. W this force exceeds that of the 
friction and adhesion betwj'en it and tiie m.lterial in 
which it rests, acceleration will necessaiilv be given to 
it, and by its kinetic energy it will travel ifi a direetioii 
77 
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only slightly inclined to the direction of the wind. 
The reas')!! for the smallness of the inclination lies in 
the small nilue of the weiglit as compared with the 
accelerating force. 

LaicIi a particle will eventualK atajuhe almost the 
average vehxnty of the tvind, and striking on any surface 
will, exert a force depending on its momenturn and the 
manner and time in which such momentum ’s altered. 

A rouirh a[)proximation to tlie force exerted may be 
obtained by considering the whole mass of aii\wdiich 
travels with the particles as j.being, in virtue of their 
presence, so much lieavier, so that the inomentum per 
second is 

AV z’ 


where W is the weight of a cubic foot of the air 
and sand, z’ is the mean velocity, and In 


W 


air alone, as we have seen, = '0024 (about), so 

that when sand is present — *0024, say, 

'y = c X -0024 (1) 

S’ 

where c ' 1. 


The value of C is (juite uncertain, but it would seem 
loasonable to suppose it n^y reach values of 2 or 3, so 
that the force of the sand-blast may be 2 or 3 times 
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as great as that of the vviiu^ •Iher thing!* being tlie 
same. 

We must, howe'(‘r,'be careful not to eoflfiis*)»this 

• • 

direct acting force with the sconi^ng foAa*. 'hhe latter# 
is almost wholh'* due it) the friction between the thiid 
and the ^lU‘face. 

It*is dit!<lcult to assign any ex^fct# value to ll^s, 
and in the al^sence of any better hypothesis tl?e author 
suggests that •the usuM principle of assuming viscosity 
to vary^as density will apply, 'riius in tlie case of 
water 

R =JA \2 

where is a coetficient about ‘OOb to 'GOT, 

A is area of wetted surface* in P(^ua|;e fei't, 

V is velocity (feet per second)”. 

R is resistance in lbs. 

This is reduced in the ratio of th*- density of air to 
water (about that for air we write, iis alreadv 

mentioned, 

J( = OOOOOo A\ - 

II now, to take into account the sand oi- other sus- 
pended matter, we multiply by the above-mentioned 
constnnt r, the formula will I'xpress the value *)f fhe 
resistance as nearly as the eyipirical rules will allow, 
d'he actual effect of a du.st -laden wind oT a given 
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density and velocity vill, of course, depend on tlie 
physical structure of the surface scoured. 

In +he case of natural clenudation the driving of the 
particles by the wind 'is probably the principal cause of 
the attrition. 

Numerous other ii.stancjs might be adduced in which 

t . 

wind pressure pla)fe an important part, but the author 
has endeavoured to confine his attention to llie lases 
wliicli affect engineering practice Cidy. 
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